Introduction
The fully endoscopic expanded endonasal approach (EEA) is a technique utilized by neurosurgeons and otolaryngologists to provide minimally invasive access to the ventral skull base. Previous studies have shown that it can be successfully executed in the pediatric population.
with cerebrospinal fluid (CSF) leaks. Pediatric skull base tumor resections are associated with an 8% CSF leak. 1 Stapleton et al reviewed specific factors with associated CSF leak risk, and found that the location of the skull base defect and degree of intraoperative CSF flow were associated risk factors. 9 Vascularized flaps have been identified as preferential over nonvascularized flaps, 9 particularly in high-flow intraoperative CSF leaks. 10 Age and clival chordomas have been associated with higher risk of postoperative CSF leaks.
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Despite several studies looking at the safety and efficacy of pediatric EEA, there is a lack of literature focusing on the young pediatric patient. The young pediatric patient has unique challenges based on developing anatomy that need to be considered. The piriform aperture is significantly smaller in children aged 6 and under, but is thought to only be an anatomical limit for patients aged 2 and under. 8 Sphenoid pneumatization has anatomic variations, and begins around age 3 and ends by age 10. 8, 10 This study aims to provide further evaluation on EEA in the young pediatric patient, defined as age 6 and younger. We hypothesize that similar to older pediatric patients, younger pediatric patients with skull base tumors may also benefit from EEA.
Methods
Institutional Review Board approval was obtained to access patient cases for this study. To review the cases of young children who received resection of their tumor by the EEA, we utilized a retrospective chart review. Children aged 6 and under with surgically amenable skull base pathology who underwent EEA were included in this study. Eight patients between June 2014 and June 2017 met the inclusion criteria. Patient age, indication for surgery, tumor pathology, and tumor site were recorded. Surgical data including surgical corridor, whether a staged resection was required, how the corridor was repaired, whether a septal flap and/or lumbar drain was utilized, gross total versus subtotal resection (GTR defined as at least 90% of tumor debulking, vs. < 90% for subtotal resection), and the prevalence of intraoperative CSF leak were analyzed. Postoperative CSF leak, optic outcomes, endocrine sequelae, other complications, and follow-up were measured. Pre-and postoperative magnetic resonance imagings were also analyzed for comparison.
Results
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compressed the optic nerve, the nasofrontal encephalocele and mesenchymal hamartoma were found as masses in the nasal cavity, the neuroblastoma was addressed for debulking of metastatic disease, the dermoid cyst was a recurrence in the anterior fossa, and the chordomas presented with an abducens nerve palsy and mass effect causing brainstem compression.
Surgical Approach
Four of the cases required transsellar approaches (two chordoma cases were also transclival), one sellar, one transfrontal, and the paracribiform tumor was resected via a planum sphenoidale corridor. In all four of the transsellar approaches, the sphenoid sinus was not pneumatized, and drilling was required to access the sella. 
Complications and Outcomes
►Table 2 includes patient complication data. Intraoperative CSF leaks occurred in four (50%) cases, with three cases being high flow and one low flow. Zero patients experienced postoperative CSF leaks. Two (25%) patients experienced persistent postoperative ophthalmic changes that were present prior to resection, one with slight color asymmetry between left and right fields, anisometropia and unilateral astigmatism, and the other patient having enophthalmos with refractive error. One (12.5%) patient suffered from postoperative endocrine sequelae with hypopituitarism (associated TSH, thyroid stimulating hormone and antidiuretic hormone deficiencies). Two (25%) patients had immediate postoperative diabetes insipidus (DI), one of who suffered residual DI. Four patients suffered from other complications, including the craniopharyngeal case with recurrent sphenoid sinus crusting requiring septal revision 1 year postresection, the mesenchymal hamartoma case with recurrent postoperative epistaxis, one of the patients with a chordoma suffered from postoperative velopharyngeal insufficiency, and the child with the neuroblastoma tumor suffered from metastatic disease that was chemotherapy-resistant, ultimately leading to expiration 7 months postresection. Patients followed up with their primary surgeon for an average 1.45 years (range ¼ 0.58-2.5 years).
Discussion
The pediatric population has unique challenges in tumor resection for skull base tumors. Anatomically, younger children vary in their anatomy even when compared with older children. The piriform aperture is significantly narrow in younger children, clival pneumatization occurs during early adolescent years, and the intercarotid distances must be taken into account. 4 Sphenoid sinus pneumatization does not occur until 7 years of age, and the additional challenge of drilling through cancellous bone to expose the landmarks on the face of posterior sphenoid wall is present if very young children.
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NSFs in the pediatric population have only recently been added to the literature. In the past 10 years, it was concluded that children aged under 10 years undergoing anterior skull base surgery were not viable candidates for NSF.
2 The relationship between age and NSF length to sellar defect ratio has been established, with younger patients having a greater flap to defect ratio, suggesting a feasible reconstruction. 11 The Purcell et al study and other studies have supported the utility of NSF for suprasellar reconstruction, but use an older pediatric population, with average ages in the teenage years.
2,11,12
Shah et al found that younger patients had less adequate flap coverage compared with older patients, and that the flap length was less than the transsellar defect length until 6 to 7 years of age. 2 In this study, it was also determined that in the transsellar/transplanar approach, children aged under 6 years did not have sufficient tissue for a successful flap. Among our patients, a 4-year-old with a craniopharyngioma received a NSF, along with fat grafting and alloderm underlay. Our two patients with chordomas (both age 6 years) received a double NSF (one flap including mucosal septum extending to the caudal septum and the other side extending to the bony cartilaginous junction) which was also repaired with an alloderm underlay, Gelfoam, Duraseal, and Merocel. All three patients experienced intraoperative CSF leaks, with two being high flow and one of the chordoma cases being low flow;
however, all patients healed adequately, with no postoperative CSF leaks. The 6-year-old patient with the craniopharyngioma had persistent sphenoid crusting that only resolved after the posterior septum was lowered 1 year after surgery. Despite our small sample size and previously reported anatomical considerations, it may be reasonable to use a NSF on children aged 6 and under with high-flow intraoperative leaks, as we have demonstrated. Preoperative measurements, including the anterior skull base, size of the surgical corridor, and potential NSF length, are paramount to ensure sufficient flap coverage of the surgical corridor. As previously mentioned, CSF leaks are a major concern of all endoscopic endonasal procedures. In a case series of 55 pediatric patients, 67% of surgeries had intraoperative CSF leaks, and 23% had postoperative leaks. 9 The use of vascularized versus nonvascularized flaps did not contribute to postoperative CSF leak, and site or tumor pathology was not a predictive factor. Age (5.8-9.6 years and > 16.2 years) and clival chordomas were the only high-risk predictors found. 5 The 11 patients aged 5.7 years and below did not experience postoperative CSF leaks in this study. Low rates of postoperative CSF leaks have been reported in other case series as well, and they can effectively be repaired by an endonasal approach. 13, 14 Stapleton et al also found that postoperative hydrocephalus and lumbar drains were not risk factors for CSF, and that lumbar drains are not indicated for intraoperative CSF leaks, despite the call for its use as initial management of postoperative CSF leaks. 9,10 A recent randomized trial at UPMC in adults has shown that lumbar drains do play a role in transclival and large anterior approaches, but not in sellar or suprasellar defects. 9 None of our patients received lumbar drains or experienced postoperative CSF leaks, but further studies are warranted to assess the role for lumbar drains in this young pediatric population.
For the first time to our knowledge, this study focuses on the utility of EEA in the young pediatric population aged 6 years and under. We feature eight children with a wide array of skull base tumors, with broad pathology and surgical technique. NSF was utilized in several of the patients, with various methods of surgical corridor repair. GTR was successful in the majority of cases, and only the two complex chordoma cases required staged resections. Only one patient had residual endocrine sequalae, and outcomes overall were excellent, with the exception of one patient who died due to metastatic disease of their neuroblastoma. All patients followed up in clinic, with average follow-up of over 17 months. However, this study is limited due to its small sample size of only eight patients. While having a variety of tumor pathologies is important for the assessment of EEA, we are unable to form conclusions on the approach for specific tumor types, as each tumor was only seen once in this series, with the exception of the two chordoma cases. Additionally, due to our limited number of patients, we were unable to determine any generalizable conclusion of the use of NSF in this population, as only three patients received NSF. Large studies are needed to look specifically at this technique in this young population. While our extended follow-up may be viewed as a potential strength of this study, there may be future complications that were not captured in the 1 to 2 years follow-up period. The literature has highlighted potential delayed complications, such as pontine herniation following a transclival approach, 15 which may be captured with a longer study follow-up period. However, many complications attributed to EEA such as pontine herniation have been shown in the adult population, and limited data have supported translational results in young children. Studies with longer follow-up periods are needed for long-term complication surveillance, and specifically in the NSF subpopulation, to confirm long-term flap adherence.
Conclusion
In this case series, the pediatric endoscopic endonasal approach was found to be safe and effective for the resection of a variety of skull base tumors in patients aged 6 and under. Despite the developmental anatomical challenges presented in younger children, our series supports the use of EEA in similar manners as performed in older children, including the utilization of typical approaches such as NSFs. Larger scale studies are warranted to fully evaluate the efficacy of this approach in the young pediatric patient population for the variety of tumor pathologies, and to compare this population with the established literature on older pediatric patients and adults.
